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DIVERSITY TRANSMISSION MO\n s FOR MIMOOFUM 
pMMUMCATION SYS1 rfS 

BACKGROUND 

Fkkf 

im 1 | f t * x e art 

i J v !!>, !<<><! t " > 4 n , < s V 

modes sn V MO OFDM ^^m^ 
Pmekgrots ad 

types of eommumeauoe such as voics, packet data, and so on. Tbese systems may be 
« f v -sun ui v.Ovhlc o s ,->>» c , wiii >,o w h » « m users 
i\\ | m?v is hax a x sn,t i s m * } 

resources, which may be quantified by K total available operating baruiwjdth and 

transmit power. 

{10831 \ nnikmk k 

* ( ! < | < « ifii H X 

e-q N * < > . » ! > ! > 1 s 

each terminal * be equipped wuh one or multiple, antennas, 

totm ~ - ' - ^ s > < 5 -v. s 'ii'i'i o ^ 

vl(, i it s< ■> v n m ? <<m k k I i >» a an r <> 'ibiu'iMt Irs 
^ u> ' s on ' i m ' a d p > a ^ K i \ O p t m; o 

> . i N b i < Si < !i i 

oaeiv;- amermas are employed for data traosabssmn, (2) a roultipkampui ssngte-ootpm 
\ \ , v x , > m | k i ! v f i s a > i < i 

(3) a s i < * i ( f mm n\ >> .v.i! ! i gb ! nt * and 

N ^ e v ve $ » cnn „ oi ) >! 'si <i > ?s 

system ;f a single transmit antenna and a single receive antenna are employed. 

flOOS) For a MIMO system, a MIMO channel kmmb by the \ t \ti ctvs and \* 
eceb an s mas x deeomrmes > \ s ntdepe den! m b with 

bp b- mv.-. {.\\ . V\ ? Each o? the Ab independent channels is also referred to as a %\ atiai 
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sutobannci 01 the MJMO channel and correspond*, to a dimension. The MMO system 
can provide improved pertonnaeee (e.g.. increased transmission capacity and/or greater 
! s o ft. J j ' o m n o ! j > wo v 

( i 1 v. I N ! 11 1 t V Jf <l" 

i t iiisis s f * < ) f d > - ' \ - ms • k } bx used fo s,immat 

> i S 5 i J > T < f 4 t > ! V 

J WO, !*- p..' - *■ *t~i < * ! s , } \ ^ ( $ f^f 

channel ,< \ > > doe ?.o various > «. » such as fading and multipart*. Each spatial 

ii > 5 i I i ! i > ) ,1 » s m<< f< > i 

s > -u } ' < 1 M s S If is 

well h 1 , n s \ > < t (IS I 

which is a phenomenon whereto each sytobol i a received signal acts as distortion to 
s<j \> < - n 1 ' v s i ? '.Uv>i"! i, o>t ^ 

impacting the ability to correctly detect the received symbols, 

! m ! ! \ f i w m i 

) n ! v s ,p (OFDM) may be used to effectively partition the overall system \s > m t , 
into a nemhei of oV,<} .sebivaxb, ohoh n.av else 1 , 1 uoi lo 1 b<V. u ^ e> b 

ft 1 ! > i u i a 

S ' K < ! I 1 d it 

0 e b s , \ v kin < > j 5< < i i > >o( s \d o be 

ff<s» omtted on each of the bh subhands 

[100&I * < ! s u with 

^ ) \h * ?< > I < ! , , , n the 

h OS \ tl > s j } » v < s f ' , , id the 

■* a ^ i i <i i d i mh i> n, 

w \ s ^ <s i , )j a m n m,\ ■> <( ' b ) >c • t b , 

s s depend $ m v * m * 

lm ^ tvi '^m t,, n h< if < = - o i N o,h i 

< 'i it'vi of ,1 ^ ds i c ^ ss n <\bs depee.dnm ^n , s at O fee 'ioe\e' 

< ic( and tl - ! be o » end ' n'n- 



S 

SUMMARY 

h i fi !( ! 4 f < - v ! o nrmnme, J a s uyai t wmptou 

the ? ! n I < ! > u \ <. i <i v \ ! o 
i } un >" <<> r < >< d >, v t x M < xa x 

i ! m M v i r <• x i i ! 

rehrdrehiy for certain data transmission (e.g... for overhead channels, poor channel 

i d <> >i ! > ! ! i i? ! ) ! I ! i , N 

> s < *n t > ! s pi al -as mil \ from 

i i i i < t < i - 1 ii ^ b« 

> 4 * i a freqeeney. time, apace, or any eorobmaOors thereof. Hie transmission modes 
may a > a; se< axma emhm me - r a a>r a*«- asd beam steers ng 

i < I i! > A i»5 

favorable channel conditions. 

m s w > \ i M > j 

method, a \ a i. x diversity s an , 1 si i\ mode to use for each of m or more data 
„ -a on > . o i i - . He u.iiiNn - Each 

diversity n 5 a mode mdremam]y transrmts data over m:oe. foimacncy, space, or a 

combmauan themed. Each data stream is coded s.m modulated based > coding and 
n v' x ! lit 1 The 

ill .1!! O--- li" f ! I ii Of a < i < > > < 0 s < ! 

. v N)!\ > x 1 5 !> r. s. 1 > , , a > ! ! I f\5 it < 

( t Li >!iN W < d >",> , , j , j j !>t ( f , j t S , )f , V> 

tr.aoiiiiNssna symbols for each of one or morn transmit amends used for data 
- n > s o> v , > si< -nc mubspleved \mih do m >»'■ no < ! - * 

i > \ <. V t f ^ < , > 1 « i I N I 

as v i 1 S < .\< £ CI \ mwii .r-an di< 5 

* >U e f mNf, u i n ! an.h.a.k-, be e\.; a a a. < : i a beoa-jcrie <. d:vars-a : v 

SSiO! \ v , i " ! i i 1 ! \ o < 

( i s n Si s> M.i < i i \ 

mb of ^ Of-DM syn^v d ^ s \ n he i«t \ of tnt^nni 
* N t> ' llii 'iii,. < , i tfx d tn rat ! <. x \] > i 
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) i < i !r ) i i "> In V s v 1 ! \ = and 

( '* «. f,S< iO a )S H C^l 4 a W ! ' Si < ^ ' Ml! ! 5 * 0 0 > ^ mt 
Si* <n i ' i i m v n> !MO W'K' i. ,o ^ Vv 

dmeomy .md Walsh h Hid transmission modes, the same modulation symbols may be 
redundantly transmitted over aO I 5 m ; e i ITei } ihstjon symbols ma 
u tan i.Hi >\ t u 5 $ 
s>l ! i s r > f n a ^ i. ti 

! «, S K 1 d I i i i v i 

n i 1 1 v V f <. \ - smi » - \ r each 

! a < 0 S S Pi^ ! , i V i - 1 - >>n »'n 

1 1.0141 In pother mobodtnmsm a method b provided for pioa;ssiog a data 

S > l i i « \> ( i. ! i v 1 

method, the particular hi vmmy transmission mode used for each of one or mom data 

I i id V ! m ! > 1 i ) i d 

for each ss selected from among a number of possible transmissmn modes. Recei ved 
symbols for each data stream are then processed based m the diversity transmission 
nmdr <. to sm ;he b,o Lie .«* to laovide kw:m »m sols *hf b a e •» t.m.ms of 
modrdauon symbols m» mO from a ,oton'i for the data s « , The fooovemd 
symbols for each data stream, am ftmber demodihamd ami decoded to provide decoded 
data for the data stream, 
ItH -J \ < ' n < < ! ;> < a < 0 m o rthe 

! h < 5 h sm ^ > » ! .mix 

K o > i * ' ( . . 5 t < 1 

m , k n ! , > m i > < t hi ' , ts, , 

dmad ndov. 

mwv RiPMONO* r«i- dkwvisgs 

s t i *. ! d t ! * t i i 

note nppa t > s ! . > ( > omen taken i ay 

with t < uv i!l s - vhul ihtOii * hi u n dtiii * fi 

i < ^M) 
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1017 ! i diagram of a muh < tha om 

users: 

U>1.8.| FIG d -i bUs , im ; o. h i v:n^>ortY;it -i m tcct-s.s | tifii <iiv| t-.vo 
termm-ds; 

>^ u hlockdmeya i learn eruod 

]0>< < ! , * - it s i s 

i <> . i ' v. v 1 ' ^ d s ! s,k v 

\ x \ \ \ s v 

S ! > ? i! << i 

\Ull2 < f< C.S ! I <. V 

immemem the STTD kIioiw. 

}10>\ hu t I S,,aro ^ tu pn v> « <e u\ k ^ * 

smpVm< fD scheme, 

£dM^ FIG. S \ e block Ju t of , T.X 5w. > v p<>vs s f at may k used o 

impkm > - i 

\ < v ^i.^io e\.eamof i v\ u < 

li»26 > f l 1 n RX< .ss><r, 

[1027] FIG. II is a block diagram of an RX snienn* proce.sv.or wjihro she KN 

diversity w\ >n „ ^ which i i\ be used for the Wikb diversity scheme; and 

ao> jo > n > ex , i mi a . ^ 

nt processor and v> j s , ! s < d > 

STTD schemes. 

DETAILED DESCRIPTION 

|H^e H<« i S . » h ' ^ ! " X " » » J S < <>S 

? !{X> it-ehud i i * < ' t umca 

wish 3 number k om-rceihs (T 106 f'oky cee access fxmu shovm in RG. ] for 

s 4 Ik v> \e .v s \ » -i e >e .eh ed k? ^ ? kse <a me-e, VIR \N\ ei 

soeee ot . m nm iog^ \ lern^ h . - - do 1 s - * i i S . ,* mob d 

si t -io s i e . sei u iij cm » *t > « * m s »k «\ Each 

! i sic,; i n K- H.m m^hmh acx po ? > > 
soft bendc-rf (it sod h?mdoff ;s supported by fee system}. 
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> I h si tl c I \ r ! > ^ ^ s and 

s <. s ) t. i i ; *'■) i s a <\Ut -* * i > i k t ..m-mo n s Sr s U - ee- \ mom 

to a t n , t ^ H iMi s i v « ot § ! of- <■ <. > ! 

i n » n i a «ss poms. A se; of om or s\> i eating v 

given - p < < <U sap > . . < » f i !k u^rtmv 

i i P 1 < > t ' ! f 1 t ' 5 f 

1 tjms Bach > ! ! < I > i s ft ! , , > n 106, 

i* t » f n s < < ; < i <. i v o Ms ' f >m i \ i e\^ 

pom* and one or more antennas available at each terminal. Terrnmais nor in active 

i ; s i . i ><;f<< | S , < . f < ( m - - m is ■ t ,\ \ 

pt m a »own b !> rime * 1 n I06e through 106h in Fl i I 
[MBef i h. k n - i » i , n i ► ^ if! 

employs ! or Ah; amemus Cor reception of one or more data streams horn roe aoeesx 
point ' J 1 • ! n 5 o , o < m tx 

my i ite&ei ! % i ■ nna.s and Ng receive 

antennas may be .decomposed into dp independent i nnmK with A f , < mm W V 
Each snch moo -m cm channel e also reiemed to as a , cm e eubchmmei of the MIMO 

' : , s j m fi , ^ t m t Pi - ! i ! i i) 'ife'K 

equipped with equal number of receive antennas 

I0*M ; m ! , ?f i 1 n j "> l\ 

eqmi i m « t <. » » » ✓ «*' (he,, 

\ V f . > For site ! i ; i ! ! f el s is 1; m; fed by ih 

! S ^ t S j * ^ v | S j f J ( id t 

iPXPo > i i a v h 
<K, f s s \ a , \ i ! <■ \ o nl 'ft U < \ - i 

en i s ci'^ Ik' o. cworsten downhnk data 

i j \ x> ^ s i 1 ! ff i e os O 

(■■"in nos , ' 

JO.M o lownhel ho snatii) - m s s s ^ o may 

J>e vl d ) > Pk ' s * v o , <m ! k u* s i > s <a v \ , < ^ V, v \\ x 

f r otitif i ^ i V vi rh , s ,\ , ! •*< 

s > s^ s > > v<> ;^ fhe accea pom? max then empi s bears 
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steering, space division multiple access (SOMA), or some other iraamnssion k-ebnsquos 
jo con»mintcaie simultaneously with one or muUrpte Mi'SO terminals. 

Oh>-> f l J i i i 5 vtCit>{ ! { 0 ^ ^ 

t <* ! f 1 1 ! i * I V v> " < ! < S 

sehsm i ^ iv i m i > ; t h \ 5n m v ! <• ' in i < n 

n ni ! i>> ; i ' i d I n?s used by one < nose a \ \ 

terminals, The M1MO channel is thee, formed by the N? transom antennas fmm ah 
mhve ten n* ? i i< * n < n " t * < a s < r i 

s i a » 1 i n tm < i J O n vt j m <■ ^ ih at* <. «. 

! i > > > > V v p s \ M 

|i$36] Uh 1 ) i ! . f> > > O.VO 

i I > f <- ! I S < i ! ( , s 

ss s \( *" \ < hi dsta from a J i source 20$, signaling, and so on are provided to a 
is 1 i - > ss>< 10 P'u , r '! ' k ,! 

lota I se^ o * s f ! - s > - 

theft interleaved and further modulated p e symbol mapped) based on one or owe 
t mo ''«!,' to provide mod a! o symbols (i.e., modulated de The data 

0 > > h pn-ns > s << i I ( ' > le I 
r . < , > i Ik : % > 1 „ > t m ' l x «> ? 

im in fL3oherdem;i below. 

WB71 A <n o povts ) 'i-* u< < i Oi s i TT, 

symbols and pdot data re provide naimmissmn :wmbols. Tim pilot data is typically 

1 \s !,!i> i i in i <p\ tiv emh >d ate <• W 
processing by transmit, processor 220 includes > processing the modusabomsymbois 
based on one or more transmission modes selected for use for data transmission to the 

v ' n t s ! i ) my < t k > s 

dt missis bols. The ) I mit process; 5 
in farther detail beiosv. 

N| 1 o^m piOvCS s ■.hDp:o\.d( ^ f s V 

t o ? M d ^ Ji >1 i an ( o < < > ^ < < > 

<■ \ 1 . s =s on i ; N ri.cti m m ussso sunl Nmm ja < 

tnore anal > t ' > - t *r*ts e ohers nj fmquene) 



ft f f v ;;<0 :<< 



e 

|> <. t! 1 nal ,! b < nu k t\ v o f 

for r o lissiof o^ , s -de n» urn ai" iism' Each 1 

1f1v !. rf l V Si iN ! i ) S i SSO ! ! ' t I 

HO Wj j , s * , ! * t s 

r « -< m oi'M > e r- >i! * s « 5 received by one r uKipie ante - N 

<d < ? St 1 ! - i 5 1, ' 1 j, M v 

vvutu receiver {.RCVRj 254. Each receiver 254 conditions (e.g., filters, amplifies, 
and s. k t > ' ^ 1 i' n ! . 

s provide a resa imp 

no -oat < it t < i > ? v v s , 

< j j i < I ( ■> > ft >! ! k j d>i . In a 

, f l_ i f If v s ' ^ ! ^ , >M 

> s n n 5 i > k 5 s< 1 t 

j < > the s-eceived symbols based on t selected traroeaosom reodefsi to obtain 
recovered symbols. The recovered symbnb ;o e estimates of the tTHxhhabors symbols 
v i n l The p; > ! ! s v s reed 

farther deiasi below. 

1 1045] ,t( , \e K\ s * is o Hi t bt s , x : t\ and 
decodes the recovered symbols le obtain the user-specific data < s signaling ' o «v 
on die vs x i for the terminal, 11 processing by mcea v« processor ~> end RX dais 
processes- 262 ss complementary to that performed by iransrau processor 220 and x 

J042 m 1 ^ , *■ d S . u 

specific date boor a data source 276, signaling, arid so on see pounded to a TX date 
> \ > ma ovHnenf types ft o^hi i, k ss u< s e 

it h v < v. < t\ * t i M u st ! t s > < i > <. h< 

s >^ < I "* I tS •> I i > 5 K i S t 5 j < ( >V J 

nevkbyted dsno wfnch ;s provided to one or more moismitiers 254. OFDM may or may 
oca *v e\ed K> 0; n> ime Jf s s s > s n j >- t e ^ e< a,- Each 

t e f< s ' < dstlorss the rct.ei s s s^ ^ t s > t 

H«d atect i >t hI f s f ee t tr ! ^ J < v\ < «. ^ c t ! < 
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11043) At *c.ts p<»m U>-o the o > * - -an - js^ < at <t more 

! i s. i S t s > O^ \' i 0 li 

provided io a receiver 222, which conditions and digitizes the. received Signal to provide 
i i i > m \ i c sis ih ovuww 222 hot 

processed by a demodulator 240 and fonder decoded Of necessary') by an RX data 

I ! 5 t i p ! x ' 

|1W4! ' I > i > t a I < x < s i n t tnu die 

temomto < i S Memories 232 aad 232 provide storage for program codas and 
data used by controllers 230 and 2?(K respectively. Scheduler 234 schedules the data 

i t m* )f ost the downlink tend possibly the > 1 ; for the c to 

1104M * . ^ < i 

l i ! ! ! V V svd < ■> Opluik 

t so N o» and this is v u the scope of the mvendos. Also for clarity, io the 
fohowovg description, subscript . is used as art index for the receive antesms, 
subscript , is used as * index tor the transmit antennas, and subscript Y is used as 

Ck.S i >W 

I 0 1 d ! H, ? ! i t a too * i r ! 

1 - > s * oh to , s ,m s \ 

data processor 21.0a that renames and processes traffic and pilot data to provide 

< ^ < i > h 1 i the 

N > s < ! i i M * % < I 

( s 003 0.00 ( <j \0.<a < i > j; i 

\ I { ■> N N a m ! i to 

[1047] In to > i i i T\ i 5 203 a 

i e i v < to i > \ t to '< 

to <. > ! i | (.it < > n f i < > s i 

•< w x s< oes io me d e , f n< Oi f , he i I' Pi t of 
it I , no u n 

I } * i a s, > ^ m JnC s\< !< t\' - '> s<s m 0,2 i i i , to i i 

gad ^ x< eh o>e< -ms m to>-sn h too i s o , s ito s < , I 
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> ! > , i > I , > ! > 0 V ^ l> V '0 A ' > \ 

dm * uona'-. V HS \>' i i as ^ * <vs<.rtm„ <■ t > 
Each i u mam m y be oded o\ \ domh based cm a m\ ih coding mhen-a 
f tor »ha au sin if Ihn x « m km k1c d< x treams ma> 

foe provided by encoder 3 i 2 for dhfemm overhead chancels and termmak 
o<i;f f I m< „ ! t < ? \ 

a coding > i a s f from controller 230. The coding scheme for each iommnaf. may be 
! ->> ho-''- f ib > o 'v v \ n v < << Each 

none n < s o vard error detection (FED) e<xfe 

< * i ! >i i > 1 a ! i> ■, 

(e.g.., & convokmoaai code, a Tiabo code, a block code, and so on;. A coding scheme 
may , designate no coding , el Binary or dehis-baiaoi codes mr, also he nsed for 
1 ,< \ i I \ v ' n n ^ 

l >f i 1 t « X! <m H t 

code rate above the base code race, 

[1050] In a i h . h 

t 5 into frames < packets,). For each frame, the data may be osed to generate a 
i > , m < i, t ( nlik 

bha for each In are then coded with enher a eonvoiouonal code or a Turbo code to 
generate die coded data for the frame 

[ ! S? ! , < i > <\i b < > , x 

or > o > n i < h a. 

cm !■>:.. a ending interleaving xchejBB, In this case, each independently coded data stream, 
oi, me ea; 5 ^ > ) \ s >) > j ^> t • i> , I 

- t < c\os > < ' I > >> m t M h 

X N i x j s 5 t f < XI i ) ! 

mrm^ v - > a < k <■ en <. v< f I so n v< mo n- 4 s II 

\li*2 n < N i o i I , > «< > i f 

1 > i,n (^t !,i n. ^ ' > I < H » j d 

over multiple OFDM symbols. The objective of the channel interleave is ;o randomise 

he c m i * 5 a t k I ><>> ! 1 n s urn < > f tt t m n 

commiiraeation channel a reduced. When the interleaving Interval for » given data 
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stream spans a single OFDM symbol, the coded bits for the data stream are. randomly 
distributed across the subtends used for the data stream to exploit frequency diversity.. 

f < i x > k t < > > 5 Sis 3 0* Ui t ' s 

"ihrvli! i^' ^ uia r^vN fo.s^ifum mal 

area network CW1..AN), the tune diversify maimed by interleaving over multiple OFDM 

' n < ^ x[ ^ ^ i s ! 

communication channel is many times longer than the interleaving interval. 
M»f>31 < 1 « on ( ! i ' 

lance with one or moons m ft xyn A 

names.; jar sm.mraiahoc scheme may be used for each data stream. The symbol mapamg 
for each dat stream may be tohieved by lam t 

to form t ><> h of whi; s s < i i n " 

m < 1 < ^ i ( , < son ache; 

selected for use for that data stream. The detected f t M scheme may be QPS.K, 
VlPShl M.-QAM, * her m te. 1 ^ sal point is a 

complex value m& corresponds to an M- r ary saodulahors symbol where M ft! 

! s * i f and 

M , - 2" . Symbol snapping element aid provides a stream 1 m >. > symbols for 
en , > la em • Tcmaw-h 

shown as moaalatmn symbol stream me) m 1 a. 

11054) M 1 lists vanons In and ! > <s cs hi may Iv osed to 
i <. m v . > ! , ff > ! ( > , i 

> s ■> •> i i 1 11 <m 1 s <- 

> e ^ i ( -> i foi 

0 BPSK naamkaac 

iii > le khi^ <v !. ' N nde> R k << i «i> > e 

a 1 " ^ H K ah N \* * * is 

mms. O <^ n " ;>AM 128-QAM ! &a 

« Ao 1 , < v r < k ) i a < 1 

phase-shift keying) may be a a when the communication I a -d 1 '<: < >sp to track 
Since , v hm,»< v > k> % rv »mvue ♦•• d<.*ron 
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» 5 \ < t i f i i s 1 * < i * be tndependemly selected 

Table 1 



d 5 ? 




l in: bo Code 


top- tl-> 


Code me 


ModaU>no« 




<hpCHz* 


Code rate 


Modulation 




1/2 


BPSK 




0,5 




SPSK 


1.0 


1/2 






i.O 








? 4 


QPSK 






3.4 


-.:!- .. 




1/2 ; 
— 


MS Q \M 




2,9 




• .■ - i 


2.67 


2/3 


U Q ,M 






5/8 


16- QAM 


_ 


3/4 


16-QAM 




ip 


3/4 


■■■■■■■ 


3.S 


?/g 


16-QAM 




3,5 


"■!;■ 


:.! 


4.0 


2/3 


64-QAM 




4.0 




64-QAM 


4.5 


3/4 


64 Q AM 




4.5 


3/4 


■ 


m 


5/6 






5.0 


5/6 


! KM M 



Odiet combinations of code rates ^ind ovCufaisen schemes may also be used to achieve 
n various bit mcs, and i is also within the scope of the invention. 
I 1656] ! 220a 

h \ 1 N - > ^ i \> <» s i j . nfi)\i 

s \ > < <o in< i <J v rusp 
p j x o » < > f s <j j 

s\ nd\ > \ ^ * j i > >f ! d 

K> \r 1 n > ■> modes to provide inmsmu symbols. 

[165?] ! i and 

ex- s N \ x - *• i c N i N ! ! < c ( > > x i < < o | !j > 
d( so ^ nil n n * % < . > > < i t n 

oi » I < <** <i i % < osn m lab i 2 u h 

: > ! ^> . « » \h V ^ < 1 v 1 s so n f 

s s c: * n ! * i s i ji n ,u " * x i ( i n 
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v<> is i 5 - ptexwg (TDMX -:odc divsM* v v > oy comb < > 

of FDM, TDM, amiCDM 

< « * < <>Ou " i I v. f n 1W s i h \ 

\ , »TO< ,»« !v t '< ^ \ t . > - > s , i !S S.CV Xvl 50 

further detail below. 

x h\^ i ^ < '>v >- isi • t i - ; > > -! ; >1!-!yImo!ib , ' 
Witmo , « h OFDM .* < t a r n :<30 groups . h t < \ u sum in 

S ! \ > \- O .NO' d' U S" i ' X 0 .0 v V !N \ K X ' XV (OS 

rtO f'S v •> i > > > < < O > ! , ! „ 

<o>eoe ki>; ! » umi d 

warn , v n\» > < , j ,v iK\! of th< 

OFDM symbol io >o a corresponding transmission symbol. The cyclic prchx ensures 

! U 5 \ ftv i S v i> ! ! i » f , > }> v. " v v. & x. oi > H 

delay > > » ' » ! •> > as 

«. o> o v v\ sO v >w \ d s f \e \ 
cvOu tnvfi\ tnix bo wd iu l N M » > > . » 

x s> t e v , swit n « »i. ! >\v > I s< j 

» - n < I \ <. i | x > f i ( 

3.2 i ^ < - x v ; > ' i * •> ? * 

mammnm ie.ngrd of 4 chips (200 osce) and s ns;.o ios.bo length of 36 chips (800 nsec). 
xsS! > , n O h p Vo *^o< < i < < << u > \> 

deraoo - > , v ^ 'I'tu i vyehc prefix » sd{) nscc. 

respeedveiy. 

JOV ! \ > k n o 

! n 1 n o a ' uHi KD ! a . 

and i'u - v vx s * sdvl -s e ue no >k ,s < h 

! i! 0 Ox U < >> I 1 

i» N ! JO' Hi H< » Oi \^'« > t , d.so; l CO 



\ a un \o > « s * % > > i *. M se l V< 

< i u ! i •> i i K \\ \ * k uw j x , filed 
November 6. 2001.; 

* > » i \> , < n v o \ 4^ , a o \ hv o to 

\ l Mi ! M \ s S 

Coi««n«tK«i i n » u\ m * h t i Ma >u S 'ii," tivd M>\ Lb 
2001: 

* \ S Pacuv \.»\ v.ut. - ! Nos » s . ks ul MoM t < .-m . xum 

' 'j ! < 1 AppMM? for UoMbsg Channel Sum " n in a Wireless 

< u nuu M* Mv" , * » ' I ^ ! > < s t > ^ 
2001; 

* i ^ 1 ^ >| i ! S " ' > v. >^ 

Hm!^ ! mourns s >>n Mm is Odeo! bsu <\ ^ 'SQUmd 

* I S fatem \pp canon Sen N i >bHH2 192 enmk t! „> 

OiTi^nunicaiiOii i , M > < sou 

filed March 30,2000. 

S 5 < ' S> - i 1 M.li ■> ' * < 

X P >h K > 1 ! 

i ibedp f ho Mi^i ?HJM m.o :x ! <* xx! support Mxaxber oi rn<>dsx 

Of 0*XOX oa Jo O'M fk'Otit! VOU T ! v v O , ?! >h^ , n >, Ms MU)M JSMMiO 
Hs t ss. u tl \, < > ' i « >< ? >! 1 ^ 

u.mm^so.- ood&ss, 

X s v i . I ! > ' » < t i; >< i X i.i ! 

d m further detajJ S. Pa i i o. 10/0 nisded 

\i vi MeWpb v v u i >1 - i V5?' Stuli ! 

Mode;?." filed February 26, 2002. aMgxed so ihe assignee of uNe px -xe sppdx eh>s; end 
>f>e>">H)» m Mm by fOMi o 

j \ M M ! » , ■> X » > > 

fO U« M MM 1 \ III I f 

d k i k m . ,s i ^ > vnli ! i x ^ \ ^ « l\ 
commoe MmmO dnevNii> t;\e-Nir ; sMM Mxk^ ex,\ ai^o be used ff>s Jau 



IS 

transmission (i) whenever the transmitter does not have adequate channel si&ie 

info toon (CSI) I e eo;nm j channe I > \> n s i m tiinons are 

j ! >. { > i 5 , ui> i i h i i jo , s v. i ; ; i more 

s < u> <;,s m ) ,m s a< < . do* i> Viv i io s Vm '<*iv< usmo* 
o «? > n«- o r ! are used for downlink data transmission to the n m > the mm 

md/or | r u i< i s > > 5 x * « ^ \ ! eK s 

o Its s )s \ u .no ^ ? >k »a i s o| no U u . .uu J h > detail 

below, 

|Iht>o| ih m<m s ^ < *. ! <. ' - ' i < \ t 

establishing orthogonality among the multiple signals transmitted from mult? pie 

! < ! S !> ! i ' t ^ ^ 1 1 O 1! 

m a s , ' li i-!«f i 1 ' ,i if 1 ' a\ be 

v v ! -d nn I n m < > * n 

* Bequene> tot ^ohhanrn divetMO, lee irmmt \ < dm 

uency 

selective fading 

* i i j u a »i seme ohms 
orthogonal functions am applied to OFDM symbols transmitted from multiple 
transmit antennas to establish ord-ogomhdy among the transmitted signals. Tins 

1 , < x <\ idii do mii> v. n m 

* $pA.e mna tnmsnu d>mvo usITPi ^pamo .mhogommo is esomhdnmt 
hsameea pasrs of traesnm antennas while preserving the potential for high 

pectm ell a ■■ a e < ^s \ [MO mn.mqn<.s 

Hhf \ \ > ..j ^ - t \ s Si v - > . >,>;-(<>? 

mi me . o> n i a uai o and , n'j dn .»«v I he W 

s » ] m * < « ! i p< i in i i 

11068} or m ! ■> -> ' a p< n n 

t , s n i k \ Mi t'Ms u > 

sx <J v | j I ,i j m t f i * a f d 

aodeaJ tmmsrui m<sv be t a < * j "n mn'opk -tntemns 
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fJM9J Flli I ; b.»».l < eno vf an enfooebmem of a FX dnem \ proce^so 
520a that may 5 N f y screen I V > 

i.i a < -em \ > v <> i< ! v ,>u * m >t ^iK 3t» «hu\^ ~o<>\ be 

5 >!i I t S I >t i if f ' ( i ! O > !> 1 i 

[1070] As shown 50 FK1 4, the modulation symbols, o» . from "f.X data processor 
C * > , o 5 1 ! v I e\! n 0 ?<n MO 5 ,m 4 1 ' * 

symbol based en die (e.g., dual or qnad) diversity ro be provided for tee modulation 
symbol A cemuamnexer 412 thee mcemes the repeated synbmb ami piles, symbols and 
e. n b > i <>M \ ! iiy 1 !v in htUUim v^oo! 

> > t i ,! < < t -< e - >> ) i N MCi<ibi 

assigned < >, < data r < <• „ Some of me available mibbands may be reserved for pile; 

s s m ive.lv, th > 1 - ! te 1 

o i nt Im i , 1 < DMn 

[10?tj \ ytn' n is desnable m l, > m n ng\<me s ; I h n ^a. m, . k n » i 
, < v > >i m >> t k i > ids k t unit i i' 

^ mil 1 t a! 1 be repeated ove 1 i . > o 

e ih^'i 1 > n 1 »J - - j ' ^ <m ! tm i o < \ md ft eve e< 

Iskelmoob of correct reception at the receiver at the expense of reduced efficiency. 
W2 < , - i i.\ ■ ,-f\ ^ I »ik 

NUMO ulbM tern mat has some m the 
1 - m i s . n v ' ■> *> I » I ! » { . >»!>>> fo 

* t > * 1 W M Jmn d 

Conmd mlbO and PhvfiOe I m ■■ A1iY~ -p«.\ be >nons Hmfospeed Phvraea! I «jvet sc. 
(><\ I , -,p,m ! * 1 Kit > > n dm m J k 1 . 

X, t - I S < > 'd <> , , < ! w! < >> > s I < us Of 

d^U \ - ,K,.n »!| HOid) Oh ^0 ' N 

^ i* I i K v 1 h i U i< < * i; ? a ! 

( «. ^ t ^ e < a i« v,.<,( < m >s t i m ! 

guard subbands. 

\ fable I shows a sp»ci ! >d mntatlot) » j a d quad freq 
i I ; <. < In t c h s 



WO 2»«4/MV!«n 



symbol is OonsmuteO over ;wo sub-bands da; ace separated by either 26 or 2? sub bands, 
for u 1 ^ < < os^ ^ four 

§ ? ! ■>•> f b ! s is 1 { 

> * > * i; > < \ K > f v -. I 

Table 2. 
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Diversity 
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4 


S 
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6 
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pilot 


pilot 


8 






9 


s 




.10 


9 


9 


11 


to 




12 


n 




13 


12 


|2 """" " 


14 


13 




15 


14 




16 


.15 




X? 


i-> 


" . 4 


18 


.17 


5 


19 


18 
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p : bH 








23 


22 


9 


24 




IS 


25 


24 


n 


26 


25 


32 









>' Ok0O4/i?e i 



tk T kSmnkan^ia, 



18 

i}14 ,■> d <• i ^ s tu "ua he uyjd w a i roitk e.g., a 

symbol sm, x is pu vi I J by TX diversify processor > < is m dni < >> > symbol m 
.v{«) may b peafel nod $ whi s >b * < s si «. u n 

k « k frequency diversity may b& used to provide rebus; performance in the 
I ice of fr > ! ad.mg 

P0?S) * he Ci X v >^ s i ^ 

amemsss are available, u * be achieved by rrausnredng dm sarnie <. t I ' > 
symbol from -It trmmnt . me; aa- on distmet subbauds or sobbsnd groups. For 
^ * t > < >! < i , a < > v v m 0 o x-> t u^-mcou to 

the f ! ! i s i would the?? f iated ws 

« of A > | - , m' 'I i 

i -re j s tii x i s 5 t b )ti mjH < id «. <. i < ! 

m i s | > i m The 

i t I < S < hi p m \ 

possible, for dual frequency diversity., each modulation may be transmuted on a set of 
two } i 1 i i i > t ; m s n i m\ for 

i < * i f , >i ! ! ' n\r i i t , m s * e 

5 ! < i i i u \ used 

in combiuabon with one or more omer kammk diversity sclmures, as described below. 

W.dsH IVamm H .i>> yy.rsi}> 
[10761 FIG. 5 ! i * n < a I'X i.uversuy piocessoi 

320b rhat may be used to implement the Walsb diversity scheme. Fo;: bus diversuv 
\ v m n d * > < > ! i j b i i < sh i 

yd v i i n s ! ; ' Ires 

\ ^ S 5 t s i , t 5 t <- ; ' 

r - s sv > s ! s ' * > I m < I i nkOiiM 1 

eroi s described I v. in g <* f I m s m o * 

i kit! <. <• > o d % > i » < ^OVSl c t ( For 

ri y Walsh f ebon used in \l i os ngdeset f 
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In the embodiment shown in FIG. 5, the modulation symbols, .*{«) , from TX 
dsuo > iu > > < ' i * » Oi * v viv <. the. 

s > %, 5 » i< soi n -> - - - < „ , n ^ e I v.' - 

for ' ! i i > * * ! v s > ymbo 

' f < > > St < <. ^ { «. >. v \ <. Si s J' 

lio"V \\ -hi,- Oi.r IX foo^ 0 i^!-. -XV.; o> ! the nxxiuboee so 
s im. - ,$e|>i} a v s o> m * to Afo Oiohlplmrs 524a through 524d tor the fVV transmit 
imlznm% (where Ay - 5 for ihi$ example sysiero}. Ir« the embodiment shown in FIG. 5, 
one modulation symbol y - provided to all four rooh-phers 52'? for each * s i 
period, which corresponds to a symbol one of foT >; , : ^ }~ ! ■ Each mtdtipher also ^ t 
H t ■X ! i i u y s s 4 ,> 

assigned to osmsoth oi > associated with be* mebripjiex Bach multiplier fo 

> ' H > ) < t< ! i * v i J ) ( < ! x> I 

--..-!■ symbols, ♦ . h (s t - mj, - *u X a«d (.v A *^ which is to be 
tr n !; m t lis foor corvseochvc OFDM symbol peneds on subband k of transmit maetm 
/, ines > ! u y. e-4 

symbol -p • However, ! sign of each transom syrrsbo! > the soqneoee is dcterminod 
f-s i't -is I v v a! < v ! , , m » s \ d i it ^ ds 

function is tbes usee to trrnooqxead each moouheoe symbol over four syntboi periods. 
- four ntrdtiphers 524a through 524d of each I \ subeand processor provide foor 
* v o x i s is i 5304 

e p..,o\eO 

Hr*>, < i i * v ' i « 

' « v x n ' > h b N * Eseb 

s ulup be tmnsnm \ id p symbols to? s symbol 

o ! 1 * <> Os x * e o > > ' s j < H oi'ut 

320. 1 s v - * ^ s s f r > ss i 

(« io eii jre c^deson u 

ff.PIO ' 1 ! ! I 4 \ fo " v i ' xvOl ■ S l is s ,,- < o 

i il' out ' .u> n , ^ s > ' >v.b o h \ lwCs;iov soPOa^u*- ^ , rh 4 



U ! * W v. OU «TH K s t H Ot < i i M 1 

i i > u I V- s >. i ' > 

i § i i i n > S one o -x1uS^>e>n - smutty 

over i ,) s>n > ttd ; ! t so 'it J M 

t S k tHUl! f It t f i s vlt 

it t 'I > N t f , t < n 1 \ t > t hi it 

each o -i ;t>> s 'i i o ,.N,t . kVt ,n * m PI HM s\mno!<\ bw 

t 1 1 s a; Use receiver o: perhmned based on i'our coikeeukve socejved OFDM 
symbols, 

|10\O it t V t >v v i t' t - 

by ikiiiSkiiOkg diStkki t 1 o symbols (msread of the same t j > K symbol) 

o *k> . .1 p ^ . 

! t i , t t 1 ? t> 3 s 

tor each 4 -symbol period. Been multiplier 524 would then multiply s differed 

m< i ' v i W i i ; <. ! t ) 

uon>emi w j--k The spectre! eo s w \-\ for this embodeTki'U would Chen be tour imms 
Hi of ! t ! j t > shown si FIG. 5, \ another example, i t > \ 510 may 
be designed to provide two dbdmet modthahon symbols (e.ym ,y to 'ft S24a t d 
s , 1 < it < > ! 1 

SpacskThne Tn^Msmt Jtexslty (STTp) 
H)S2J SpLtee-tiii >t \ (ST'TD ;s not on . t el 

effectively \ mdepeoe'wk symbol Streams on two ireesmii aTkermax while maintaining- 

t t > 1 <. . , s \ t e i i tit t s it ^ st t 

t C) the Waf t heme shown >n 

5 1 I 1 - * v ■> <■■ 1 ! > -m p I I'Wi !i t ul 

st , ( s n , i t > km > iikd Oi i > > 1 Ilk: 

, si „ ok ! \\'^ \ i i tt ! \ k N > \ Feui vector 

t ^ v , t , s t , !MUtx| M< IMCM 

i f> U v. i ivm! * itt < no > \ k' t s s ik , < o , , is i ;-.ikcl 
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IW$4] If the receiver includes 3 smgie ?eces.vo antenna, {her: the received signs 
may he expressed iv> mmix form as 




Eq<i) 



recei vers 

ft, I'lj ( > , > <i!> h. 1^ > , !\- U > v en 

! ! I I i , ! s.\ v t e, a„ 

v" v h < ! v. s f H i ' -> ? tat > ^ t »n I 

period; and 

» ; and ,\ u; she < k 1 x h <n * > 

[WESl ! receiver may i\m derive estimates of me u ! 'imhh o symbols, 
* ( and s\ , as follows: 

£ %r x ft^ (j f + | ftj r M ;t <V*> V*i , and Eq (2) 

.?. « ft!r; * /;,?; » ({ ft, f + 1 ft, * fc> } + ft,m . 

> . >» K sujo > xs > 5 <> < * h t si v i hk n,^ The 

received signal ;nay men be expressed as: 

^ ^ v > > ' S S i i ! 1 

% > ( t ft > * < j *■ * ; >♦ -> ! < >, . nj 

x ~ -ft > - H - <! a ! ft ( \> , 



11087] When two transmit antennas are employed for data oansmsssiom the STTD 
scheme is twice as spectrally efficient as both the dual frequency diversity scheme and 

l|)f« h h < fMO S h » v Kuf v m. l iS IVSU v , X 

transmits one hnieps fetation syml > t I e ^ t s 

nteooa I ?s s t x \ \ j >< 

e % m i ! <. M * 

n t i ) is n do > s s txvo 

s>ij« i! if > ^ i I '< , < > x m 1 i «n 

two successive OFDM symbols for the STTD scheme, the demodulation at the receiver 

iiPSS PIG- 6 i FX diversity processes 

320c ! i ! ii ^'in n 

modulation symbols, .s(m . from FX date processor 2 1 0 arc provided to - m multiplexer 
610, J i < > I , i 1 Omrm two 

it! >■> i <■ ' , - i >>^ - 

is provided 0 x i Bach .modulation moi 

clnd < mi ym >b whh i 
O i-s f nds l avO -l^v^ ! 

1CV» \ I ! < * > ... i < i i o. elm, s >m>m 

NX* i ( ! d i <i 

mboh ! e mm e encoder 622 provsr ^< vemo 

x v s .> \ \\ - -.sUmmerm u * see * sm -c 1 n 

n 5 s> t s ! m i 1 

•> - x i \ K I ix i I 1 i < h 

< ■> N xro v. > x > ! » > < * > s< ml t 5 

V 1 t ! i m S . ! n ! . 

Nil' iHli^i 5 f { u <. f 5 n\ fmO 

0 ! > <• •><> 5. i m i < < 

s - ^ e \ N 1 ^ e^ 1 pi -•< ' ho Jk?01 )iV| t<.^ ! < km < 

mi' is symbol t eh s \ rich $ provhk siream of avrnwii 
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symbols x.j(n) to a corresponding 1FFF unO 330. Bach IFFf unit 330 (hen processes a 

! > < ! nm S hUmhi - i C UCV. f\ hOv 

[h^V \ 1 1 hi n s •> ^ " s i 

5 > d \ ^ fa t 3>3s i 1 f | \ < * o 11 I ! 

s! red Areas in uumoat * § ! ' 8 * 

i i i f n » em b> ! . SI 0 1 erne is 

oso i . « I ifia, i \ » ^ >>,iua Mt,l"»,im! 

* < « 0 5 i ' f < ! . « ! > P 

t h m ifi o - u i i \ f | s t ? 

v >|! , K> I / - a b < *, r 

I092| x a - i < 1 ^ diversit nni 

f ! I > > 1 ? , \ n ^ > 

t a S a> a . I < V\ ! ^ > M Ul 

is ih r fe I to be seated Walsh- STTD che-j o transrni - e< toi 

A ( and \ i i » sa v< m a 

n lit i> i Hi nv 

I 1 ; i i * m n j 4 jf^ 

W»Kh functions to achieve orthogonality across the transmit antenna pairs and to 

N< -atv 

U0*H] t in " <)!(<> | - ; 

320d i nay be as-ei 1 | i W'sish-S'ITD scheo The 

xk ? x ) ^ , \ i i \ s f f j ( ' ;\ i 

i ^ ! >a 1 t ^ i , i n j > ( < > on 1 >< * am <> 

3 i 3 t 3 4 si \ ! >h s s i a > 
;nciades one nmdtdation symbol for each 4 -symbol period, vd-non corresponds to a 

s t I 4 1 1 Ml il i\u ) S3 3 i s * o if f 

respective ! X syhhand processor 720. 

! 1.094 j A. soaeeoioie encoder 722 ^ "or each TX subbar.d processor 720 receives 

tPe p< f s> O iij, K s s < M s >> f < , t CO 4 st31\ i u 1, 5M\ a t < 
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> ?k> < ! mbols f.s ae-J * ] with >s e/mf. >rm m aeh of "the fw* 

3 i. !H K * J* US 

s \ - s ? t it i \ I t on i < v v 

■> n Nit,?) i ' - k -3 i \ to j 'tio^hcr^ % > 

4 j f f \ i hi Muit'jp k ami 7241 
each also receive a Walsh function fcavsng two- chips f4f w^|) tiod 

! ned ! i , ' > Km S i ^> K i si e hi s.\ 

lv ^ It * 1 1 ' S . 1 " ^! < 

4, i s -i . ' h \ hi \ * -A t U 

I < 3 f ; t i i i ! 3 ! 3 \! »vl 

j 1 095 1 V3! 31* w , 33 \ < «,i l!0 

Walsh fuoctmo U' f - . 1 »rov-d qnt-nee o? Com tsar^r ■ 3 <>K 

- h m ), i>\ ■ Wjs), uv^ Si X CSj which is to she Transmitted in -km. 

1 S t ' < < !' < ! \ M> 

the Walsh fummon thy md piOu^U s -Ajuor^c of four trsj-sm;* symbols, 

i 3 3 ! 3 f i J J 3 I i ' ( H j 

!SS v V o V O, > «^ < - , 1 iS i "s 33S3 

w, -u ! , » > n 3 3 v v < f, -i j s 1 e ,<->' <. 

> s v v > > i O t.iJI 

! I' <■ X> N ^ i >S ^ < v>, > M I >< , N < (,3 i > 

is ihus used to time-spread each syosbol or element in the vector y over two symbol 

KX 3 > tis-h, !li Ki) MjO , v " ]\ | ! ! ( J 

! \ s } s > n i to > < « > "* th i 

7304 respectively. 

, 1 t \ o 3 (> 3 \< H < f 

;i! f e T3 " \ t\ <0 N 3<-< <v M ! H3e ' " Yf ii 1 "> i. h < 

Mid ! ^n Nvl-'is X v«»t3 I psOxiiOv < -te>iX Oi r > s3 i ! 



if > •> ! Of f 1 M U X ^ < i \ v Sx 

described above. 

[I897J the repeated Waish-STTD scheme shown in FIG 7 (with foot transsnj? 
» vN h n v sfl'i , < 4 l> sv.s\ n t^v6 ami 

i k 1 SI 1 x n i M i k uowe^v. 

, 1 | ! * i j j \ x } j 

symbols over muitsple pairs, of transmit a^ennss. The Wahh-ST'fD processing 

! i i S i < 5 ' i 5 * v * x 8.1 

transmit antennas. 

5.0PK IH« S K < x J > in < * i x < ! Cxx 

it s- > « 1 < - v - i ! . N i < u m- u 1 > ! - 1 m? 

x Si > K i f i < ! ^ \ I < Rf. Hi x 

! ! ^ ! V < .-\ i 1 ' ' ! . ' - 

x , ! S \ ?ii H< v > > (5 HA< >0 i 

pk^ - * v t w , o 4N& modulaiior; symbo 

! f S ? i o ! c c nd i four 

IP ! > >> is 1 t >o 1> > , •> j n" 

>Vt \ l - h x , x ! i 

the i pasr of is s t ' - symbol substreanis ?md a space-time encoder 822 h receives 

>A Nv. ?! v ! S * * if? 3 ' ! 

TJ t 'V ?> s - x j ! , i W U 

x t ~ , s < <. \ -js I i<> p ox \ P. no - M> 1 J Ms* fi tb 

i. > S S ! ' i < ,i i ! i 1 >!( 

time x . . j . s ! „ « * s * v ~h ) t» 

o > , s N< < x\y < 

H^h \j \ h iv * ! MCiu u n t ?«on W ! t ?sd 

> s \ s f s N v , i i V M <j , U } < > f i ^ N S 

> \ Pi X ! S i \ i V v ! IP*1 « j fWO 

transm;?' syoibob to be transmitted in two consecutive, symbol penods on n >t . «: of 
( (> s- a am tk on? na^opieo.x C4a throag ^ Id < s.-a< FX - 
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i <(<>!? 0* ^ lUl I it •> f 5 ! 1 xX N 

expect vei> 

s > , ux , \ i\ . •>> o ir. se> s '> i u\ } \ Yi f ipi pd 
> > h t .nu r sr > v ^><> r > 1 v. v v f c r ee J t sf, on 4 

•i i 1 TK Nx 

is as described above. 

[Mm Ok u x k< Vs s » M - n h jo I Ki \(« hi mi r > j 

^>ii!( * ha i i - p. u, v ks ^ x t \\ x 0 <h.'i» sH.iuft 

j * s th my { ! v. \ n I 

tnrnsont antenna pairs, instead of re. peat mg the two transmit vectors across the pads of 
I > xn a >5v s > I ! I ! 

x ( * j s i s 5 0\t of 

I > e d<. >iMhr=. J» <. x-siViv- 

eo > . » s xv o^ <! < 

(11031 The Wdsh-STTD scheme ^ aiso Oescmxxl m funhei detail in the 

CHWffl I - i ^ Mi "x ' 

inmi < o x x! ^ , <<n-. P h , .» m, <<m »»* M < « , ,S\ on 

»» Mi!> Hv luio~ ^ >HD xc\ne ju\ also .ivpo> .me?, a d vC m\ for 
x tv-o x o i,>! than one :w of transmit > — a For the i < \ W < 
scheme, each moduiatmo symbol is Uansmhied on n <h > - * snbbands and 
provided m multiple TX sebbaod processors. The M o to be esed hi each 

> on he rm x "> . s i - ' ; h> ; 4 i | 

< s o » ? 4 1 x ivtft. (t 1 nhhm 1 jo no l DO' I < < 

if ' ao n Das are available, then for each subband two pairs of modalabon oi 

o \ ' I ? u I o? 0O< i u > »» O Si H Ibo th 

first pair of amoonas (e.g., transoot aroenoas 1 and 2}, and the second pair ot 

ox * x rsx ihW o» trf h' id p > tiwj f 
antera^x 3 - and * 
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3 i ii i > 1 - » o U .M>> > kd > * sv 

O h , f i i . S . B * •>! . .V--- „ ! O M ! S< ! 

^ < <■ U - i i i v f o > u \ v s Ox 

p)AO\ t^i s 0 t^i s » - - b i V \ K , ! x , , < ! ^ v i » 3>5 

>! x S IS « Si »< H <- I s < 

\, - .dj v " an<i x | '-0' - nbsich are oanv.mb,ed from sransrret antennas i and 

) «. h ! < 1 i ' > •> < t v. 

>>H< * < xyOMot y. i> S7TD to ^ two vectors, s 3 -by, ^' aad 

symbol * ma> be the sa u!.at« < - ! s a dbTemil 

<.!,(< ; b 

(110$ { 1 , me, Ok 

vis i 1 < ! l OVI,!. . j 

\fl j, F.ieo i^vhihou^ -\ M* ^ s vt t -<us <*kW of 

s ' ^ 1 j ' N < iX O' is N\Uk' 

and n i ! ! 

i j \it x v u ) t n ! > t i . > » ot each 

< ! ' X ^ ! i { S S J ' » V lis 

> ! 5 N > S 3 S t ,0 il > X V XI \t \\ W \i i \ 

m. i v ! . Walrbi s Ov s > i.S <! j f i <1 > the > S ? 1 > ( Hith 

piiOj In ^ 1 ti - n , o , V Ivue J \ M i xK iokx!^ 

each » > < < - fi n I e i m i ■> each 

s ■• - s ! v i O K i t v ' Mi ' (M Si as 

described above, in afiother en:ib6ca.ioen ! . of -he treqiseney-STrD s-chenie, each peer of 
is ^ o \ ^nf\i , Ji e; t v <i< t t ' '0 for 

ex&oipie, n i eievsee with uvo pa;rs of i uv v \x> % every other pehheed t be 
s „- e ! >> >e i : x i i - ; s ; - o 's t « * 3d *n be 

assfvessted web a different group o; <V, 'a xehbends For quad diversity, each 
m > ' a v M v \ , \ s- s x a , i >h , o v s< s< m s 
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subhead groups, wuh each group being associated with a specific transmit smeram pan'. 
The two subbands used tor each modulation symbol may be selected such ihai they arc 

> , < si,! H o fO- C i bO ! ! U !' UKf H 

umh-ek * f < a > » < n i t t vS ! j t v ! ! 

scope of the invention 

|iJbg! As blustrated by die above, various dtversuy schemes may he implemented 
using. > j s « s « . 

!< ! ! < ! 5 O ! s w v 

system. \ s t ot these diversity schemes may d\ be « > > h v. and this is 
v> um tho < >v. >>r she uno t <> 

iiit) 5 ^ Ms < > * < - ^ ! - 

, 5 S ), > < i 5 , . ! t ^ NN < } dlU 

scope H till " 1 u 

diversity and Walsh baausmn dsvcrsny, sad yet another diversity scheme may chime 

freq < J 

D iversity. I m §m k '•• \ liiMli 
|IUOj i i s v <> < a m ie j > i 1 <a.!i > h 

oansmb processing schemes ^ ho above. These diversity transmission modes may 
echsb the fodovvom: 

* t < v. dn ! << ! m t, , e i< f> j i \ t'. v h 1 rv (e.g., 
tiual quad, or some other uoeger dv;e frequency diversity). 

* \\ i,» 1nc ots t ^ u i h ^ f i , mi j 

* V lo - > * n I 

* v r! , i \ s ^ t i > v\ g p !h uts e> o 
5 ri'D v,a h - m bed oi " i \ x d \ i t! 

* - f > > i < s t \ •! < > n q R 0 < U I ; > 

* t c \ v m c u ft r ^iil ' np ' j ! i i s * * 
U'ansmu dree-ony 
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* Freqo« Walsh-Si D msn - on " > i ^ employs s uenev div mt> 
Walsh transmit diversity, and STTD. 

[Uiti t ^ s - - n S i •! Ps o Sv J f r > tmUMm^>^ 1 1 u 

jf > i \ it ! I » 

s !» ■> i 1 s< « !> uch e 1 \ .n > v ^ ^ being 

ud (e,g.. x \mkT-c common ' ail termimfo or user-specifm for a particular 

tenr;mafo > ife number of m * available at the transmitter ^ receiver, (3) the 

t m \ < i k> \< >*q 
f < < > , > 

s I ' ( s \ ^ v 1 >ri a , four 

>! s U< \ ! ' i ! C 1 « ^ . M V 1 

EOUT O v. *tt foi ?! PCU fa ! N J 1 s t ) MOi ild v. !<"> 

tfo , ' iO S * C I <- < > j H K. <U\ 

V •» sjx <> > < t • ! as 

defaak: 

* i \iw 1 ! : , 5'v ^ > n!^ i \m ■ <l * sfh do ti 

or quad dive race 

* ! i < m * d < i >> n ! 

! ^ \ I f n tm so » i « f cuvujnf v, v 

* ! i ! s < ! j f > U 

H AhNir- n m wv.o- j cd>> h cnj-^i da-corny 
r i M , ■* ' ' < > < i i < < \< ' > % 

of data transmission on m rhct>d channel? <nte - c K r< ved b ! ies mtls m 
the s * ! i v- ^ > > - e < m\ .Mirol h 

dc&si id tiro ski i v j ! s mi i < u m (j s , 

no ;hgnaimg is required so identity the transmission ir-oOa used foe the hroadcas; 

5 ^ N (\ fo v.? ,> V 1 ! < \ I U ftw il 

Oft >e hi ^ i i s. > vV< Of O! DNT 1 

may he t;>;ad er dynamically selected h one dynamic selection scheme.. '\ sycicm 
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devr v <.\ s < m n *• 0 5 < 

n * he us i nnr> , O i ! u, x \v< i d iK i c >\ being 

< n i Mi m>> o !< n ! > m > j <> f , ^ o > ihe 
broadcast channel, 

H 14 VuhOFTfM } >aeds m i • i dass nnoUmnsrmss;or( >amre!s 

bf Hbe S,Um > in 1 do, t 5 s ns5 i«XiOv be v n <.k 

ha > I > < ' ! 1 ^ ' ? t« 

mhbaods, o n 1 1 s ! * u' . , ; 

d)\,o\n\ traosoossiou m<-< , for different seo of o-ansrod antennas. 

1 1 115l 1- general : each data stream f whether for an overhead channel or a specific 

» s< a; nb <. U - - c it , i 

\Vv,.'s selected for chat data stream to provide omhdstmn symbols,. The modulation 
symbob are men further processed based on the diversity i mode selected 

for s t yrshoh. The ttaosmO :omb tit 

.i .,s < ^ md on a pmup ot -ne u t ! mi r > ^t of on, <« 

more ft \mm 1 i&sdex sled o \ ;e Herd a lata ;a i 

opy ooddddid 

1116 I |f> " > t < _ ! * ! < I < , S > 

ih> e e.vo > > > > i > *. 

ora ma ! ? , es 1 i i «m!i,! 

x • i I ! N i \> ^ ere c\, ■ < i 1 < < -> ! ; , ' > * - > s „ * 

s \ 5 v 1 ( ><■ < tO 

> ,o s ^ js ifti » < dhl ! f p to :> 

e^res'Lvv HFd\t , i » ,5 ! 

I ! \ X Y t >i ( <. i > 3 

sst! 5 n&form (FFi unit ,4 Unit 9 I removes s cyeho prefo hat ha< r 

s sy-r;S SO po>\ 1 im t' i i, ( < >< " s 

symbol. The cycUc prefix removal m&y he performed by detemdidng a set of Ay 
h d iransmiss bd nd sj < ft 
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I \ I Hi' I 

i J ! 0 ! * 1 ^ I I ' i ! S i 

\f 0 !< ! ^ N < e N ^ v' ~> , PFT 

units 91 4a thmugh i > m \ received symbol streams. * h< jh r Vs (fo. to 
„n RX i ceo^ v e<« ev-> i v yo 

<!>>!,; i i <, v , e the 

iduS dors symbols, .si f m Che { ? ^ ' f . ^ 

RX diversity processor 920 is dependent <:••: the e ^ m<w e mode used for each data 
vmam m X kvcsemd, mo« . n J . \ * e ■< n.^ \ m^ tnoc< eet m KX ioewo 
processor 920 ts described a further' detail below. 

\ U * <s n> ' ' f oMs, % 

O i< \ \ 1 ' u f >' 

RX data processor 262 in FIG, 2. Wohsrs processor 262a, a symbol demappmg element 
942 i < i * . f t < m h a 

deraooulatora seherne that is eompteaternary to rbe modulation scheme used for Ore data 
s j i i ' s ! t 1 » d i t i a 

tnaumr eomplesoearary to the imebeavmg performed at Xc tmasmmer for the data 
ho s 1 m- fovrsfoe »! d m- o >ii ! ; ^ * , h\ \ de- cam if „s h , 

X to the eodmg performed at the trartsoibter. For example, a Turbo- 

u '< i < " > < < i > < , i ' ft . t r V f > ! iu 1 

eorhrsjp respectively, or perfonned at the rrammbter. The decoded data from decoder 
946 represents an < i < sm $ red. De< 946 may 

s i ! •> ^ r > » Ik it ' fS S 

correctly or m error). 

|1.120] It b , f > ^ n t < i t i> mo 

various cbanm) characteristics such as V d \ response n ! the noise variance (e 

d on j >o. X s .i^i i » t * i 1 > f i« t 270. 

* r" i t\ v i < m < m I j t > S 

!\p I 1 MO ' < 2 M ; j > 

tsansmtssiou toocie used for each data stmaot to be recovered and may further direct the 
v.p A i o XX ops s (,( c^or $20. 
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\llZi] RG 10 ?s a ! *cl diagra > ot N e - en of m XX db rs % >.roes so 
920x, which .may be used for a muni-antenna rece.ver device. In this embodiment, the 
' - . < i IS < k % - ns \ , > «jo ^ V. i U i 

< > > m lli i \\ v i v s ' v\s a 

> 5 <■ <"l f ^ ^ N< f » ^ \ s ! 

> ! ei ,i K i «. U l fo V Ui ! ! 

< ^ . ,iX v. * S . V >N I t > si! - X . V 

received symbol streams. 

I.I 122] A < * * < « v « s iiV !v 0»' v svoiv 

i e> \ i<i ! | i! si > V 

t no < fo " ^ u * I ^ -i s v ! v \ > , -\ o* . nv m a ^ 

i s o u<.Lr^ to*a <Nvi - d fo w s \ " e*^ ! 

the \s v > n «. t s\J fo 

: ,S\)\ are mihaU) scaled bv .V« weighs assigned to she <V« receive 
antennas. The * scaled s j \ am thee u fl to provide the recovered symbol 
s k , for suhhand k The weights may be selected to .achieve oiax-niabraiio combining, 
arid may be determined based on the signal quality (e.g., SNR) associated with the 
cet. \ ■ am nas Che ih.vJi 1 . > , \ m< < e * om ->u n v too t.s 
gam control (AGC) leap n'-i ;u . ^ I for each meesve amenna, as is known in the art 
[1123] For a slrmie-anienna receiver device, them is only one received symbol 
t t im v m ^ci > s > a\ > u »>, v * o, ,< , a k\ 

antenna pnseeesor 1020 is described m .further derab below, 

ilUdl The \ •.; s •> \V cc - j < I I . v ; v SO ^ - cur x de 

v. > i ! •, t \ b 

the steam s(n) may include ■> the recovered synmols for one or more data streams to 
Ov N x N ^ ^ <. 

111251 FICb Sl i > v ! v < < > I O' ' 

isedtopr. t'eon she race! w; nroceavins lor she Wai h d^crMt> -.he" m vi in FIG - 
Re n \x ^ i s I <-c u ' x' i one 

receive antenna and may be used for each of l<X antenna processors 1020a through 
1 02th in FIG. i0. 
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'J i l<>) ' < nbodcaen 4 -how; : jn FIG 1 bs » ^ s - m 

> soled o a dcmu!u^k->cf i ' v ci o m M n x x ee.<. <. ^ < s r,(«} 

\*\ S,,e 4 U,\ ,i \'K».< JKH<UN- hfl'if, ftto 

the j » > i r So - ■, ?> 

nd » ! r - J K> ' i 'i^u o \ ' o R.X 

subband processor 1120. 

J 1 *" j ! R <N N ^ t iX ! M 4 1 <(\ s v , , . s v f 

lb 1 g ! 5 0.0 ~ ! s i U * I lO Cv S - 1^ I H i vU 

I S< ! , < U 1 ! < , t. ^ ! v. S >. 

psth ^ . ! , ^ > ! , < i : 

if i 4 < ft ! S 1 ' 

channel ? p< <«v esuraate heOveesi tra < vN * sated « d Ih&l 

l t l<. U ! IN 1 I i 4 , dJ 

d , t t i x i i . *n > I i I ^ )it m , ! ij be si. , 

\ ! s v >\ o i i icj > so an 

a.sixc sated integrator H24, integrator H24 then •megras.es > i n i results ovor 

!f « I t > um x>i snMivn ^ ! 1 < k s 

o — » < , ! XOO" n\ i> uk ^< s U ,v • 

sx id 1 ex od , i s i < ' < 

x a, \ I NX-mha r>e o<1 <> sa 4 *; M K , v ^ 

H^' t > 1 n Of ao i on 

, a ~x 4 i> f < N <si i g 

I n > ! i ! m i 4 f i For 

each v i n.X » «. * * * *« > f I jV« 

* v % s ,i fo.ff.be.jVgdaf.s-ca igsuttbands 

! U2 4 - 4 | \ - rplexe . > 1 b > i. i ; from RJ 

puvta^xs w :v> , thf.> .oi iLtMiVvp o,-i>, x .„ „ j ;o l\ atvi 

alrca?rK g (Vj) . bar recesve amenna i 

11.130] U<> 12 b a block diagram of an RX aubhand processor \ l\\ h may be 
used U> perforro ?he receive n > s« for lbs Wal?h-SITl> ss hemes shoxvn m FIGS. 7 
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wxl 8. R-K subband processor ll.bbo -mm > n receive* symbol tsfw^ 1 ?; for 
one s> f one rsc mtenna and may I m! RX subba«ti 
processors 1 1 20a through ))20fmri.G. \\ 

[1131] i !> t ! i i ! Nh Hi* I N , v. ! < s 

t It j 1 > i i > , , ! s cnnu fan 

a > > h > ( > ? shown in FiG 12 fo 

ir„ M! i£eoc>iO> i « jeb pto • >v i *. -\.. - v- ^ nc vh ... o So a 

5 i si v U i t. v N ^ s ^ ; t 

Odk ' n >i > >i ! ! , , M ! ^ 'i >u i 1 " in 

tt i i s o < t ' - ! p i V r Is m 

s < t lk>! 5r>? i 5 o to IG * its >' > t ! :> < > t >d ^su 

i lX « ! < ; ! I > f \J 

ompat. to a delay element 1 226 and a unit 1 228.. One received symbol is provided to 
n i mc- ~ i i ) 1 224 

pre ' « v pun ^:d>ol pem«dH fate « \2T CKJM V ! ) 

[I. Oil ReUrnoa Kick to HO \ u« the noo .ooeskv. VU[-' xl"m s h> r » toor 
i id i tvinsmmtd ovt-M^o ,?3Bsmjt vsr f s. nrs-* 
-pairs in tour symbol periods .for snbbaod - (where Use mdex k \s used to denote subbend 

.P). P( Ml S * ) i i ! i i i 111 

\ s „ x >i | < - i i v .i'Ji i» (O, > Hti 

red ooo s mi > si <, <o u ! > * i 

. - once to » < Oi<! r ! 

il 0\ \ ^ s , ! t i „ rotoKd <fp 

t co ^ to recover 1 modulation symbols. For each d-syrrsho! period ce<nmpondi«g to 
Va s •> s \ i i si e <> < > 0' uO < n b n » 

O"'!.! ^ i 5 i I* * r, * ><-< s f ' { t. 5 p 

; O O S' ■> < V IS e t s N% , ts! > ! > 1 i! i v 1 ( 

> i * * i s i f i. t n n m t >\n 

conjugate d the second symbol d c . r,2 } ;n the pair. 
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as 

[11341 Multipliers 1230a through 1 230b and summers 1232a and 1232b ihen 

>! f 1 •> » * < >< n equation 2> 3 N « ! tramm. 

is a t U s * < » ! i ^ > i I * m 1 s 1 

\ i s i i u, 1330b ns n t syreboi ' <. s'b the channel 

response ni b-,.. m >h I23CK: the \ t , | - H n di G 1 

i s iv /«* hi' !230d multiplier the symbol \ 7 with the channel 

empome estimate ' where <?. ; is an estimate of the channel response from u o 

„ > ,s < U e< i ft 1 ' 4 - o . % 3 v n > > Kf > k » i - 

n n <p b< ■ \ * 1 h i < i ? > - < n>A' ^,,^1 
f first modulation symbol m the pesr | and s. ; ; . Summer 1232b adds the output 

Mill I 1 t t if S.3 > < N i 

the second moduSatton symbol in the pair, 

[1135 ■! f >■) ^ ' 

il > I ! ! * s I sesp»3i 

estimates. h H m.d /:„. , for she second pair of tmnsrmf antennas for subband s are used 
for the second pro* > i end p is g « 

provides the symbol estimates > d s , < the i of . e> symbols 

{ ; ?., ru > ! i i f! < M 

M13fej Po; tie mremepeated Walsh-SITD scheme shown m FIG S< 
\, , y> ami > (epK * ! f s nn > I ok I 

ul ~> om \> N = t < ■> sn 1 1 1 t , 5 <, 

l'! s is n k ( tit, i r '<< i i - , o\ ui 

V s 50 HI foi t ! i 1 * h - < (i !<< i f • s * 

FIG. !L 

ilim For she repeated Wabm-S FTU scheme shown m PIG. ?. erne symbol pair 
♦ f \> d \ m cui if ' \ s i m i > i i <jMm si < 4- 

o! ! 1 J !h veih'- t.'e/o ^ ' \ % l >' ! ' i m j < \ s 
ei \h vvn o I 5 2) to mo- b ^.tk' o ns Ms s\rt <^ m. tlx e <» h 



36 

t ! <- J I. it i! fo 1 f f i v S So 

o \< ao s J u re 0 s* - \ < a U m ^ X % i s "> ss at s nato 

*0 « > » ? > ' v n s^s< i ^ si *" ^ 
! < ^ j ) , ir H'i ,1 

UnA \m ii Aiv K v i , , o lov i v data 

U f M><! i! ii , > i s N S s i 1 ii) i > 

Iv \') ! i n i i 5 > *■ t v s <n ' 

foe processing schemes shewn m PIGS. 4, fo 6. 'a arid 8 may he implemented wnfon « 

> i i ii ! , ! <> > S 

'I** ,< b ><> » a s < * o> r v *lo x *« to 

i • .ii.it one or more spi access- K ^ such as code division m > M access 

'M t i > « b , v- 

r '>!\ s. m<$ % AA m s » of 

s< <fC i !.h M\M\,V^ ifTilfv s i j v sO U 

designed l:o implement various processing mchofoaes described in CDMA slaadiads 
seoha? Sfo\cdt Xr< i foots 

! h b i , j ! i 

h u ! i i i (. s < us n For 

wapie, these le( jut ay b med m I ^ ' s binano 

1 •> "> ! ,Mj I i! ,k , " s U iO | i \ si d s 

\ s i\ ^ i. C i , ) > 1 X 

processors, and so oa) used m ^ i i any one or a eovobfoauon of a techniques 
may ■> s. , s t as 

' ss I S 1 si < { I 

- o 0 , < { K a i . 1 5 

x so ' s , , < i , v e\n i units 

designed to perform die barmdoos described bareuo or a > ! < <> thereof: 

!M 5s! <. <- i I S i < 

described hooaa may bo oripfoocrtieb with !( d d < g.. > t s es foacoons, j o so 
v a t p<. i { r*r> f \ > < s a <. u ^ > i > s t v j _ e N f i - \ r , 

1 <>! i „ s v 1 ii 5 i < i b i S } 

n ioLvi - o y \ as s - a % aia^nv s Is \ fop s v , 



3? 

external to the processor, in which case it can be coKirmmicauvdy coupled ?o the 
processor via various means as it known in the art. 

! * M;mdmgs «. mckKkd herein for urn J to a;d u < f n certain 

v f > K? S * ^ M 5 I 

« ! , , a ! 4 i i ^< •> > n ^ s \ 

the .entire specification. 

M I p > > * U 

any ( so kb ed t th« * o o k m v prex< sveneo Variot 

o< < i to ih&se embodiments wiii be readily apparent to those skiHed in the art. 
ami the generic ermemka defined herein > be apeiied to ether embodiments ^ ?! n 
departing u > \ > < > or scope ? the invention. Thus, the present invention is no? 
intended to ! u a < ie the ! \ \ m shewn hemes but is ?o be accorded the oudest 
scope con saen? e ? s .> 1 > ^ a? f ! , . 
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CLAIMS 

0 y ft ! 3 ! ! ! $ V > i 

i.)^tcm s comprising 
v.ianj „ W, t> r verity i„ <k osss m mode fern among a «ht % of 

U a-.f <ri. ed,d<<^ > so< < i o \ - v heu-m a< h 
' i < ^ ^< Ou rx > 



schemes oder.aed lor she data sOeom So provide oo;diiiao<vn symbols: and 

[<f\,'s!iv K nodu\ so«o u> for < so* im tream! scd o« d-, se?e< ed 

Jv 4 i is ' i ( v \ >0 s« i < s { tK 



tm$$t includes a frequency djv&rsay transmission, mode 

3. rhe method of claim.! wharei the p) ; o ismmsfcni 
>wdcs ndwfcs * * altf dhcrsatj » * i&n s » 0 n n t de 

4. fk-r o< \ m d \ < ! >< o < bs »s< oh x\k 
tjif * > 1 d » i v i N > ' o ! < sun! 

5. fh o^wt.U >uk > uk\\ d dv in !;flisiWi.'!ur. i vi 



d. i l > j « X ^ , i , > ; 

modes Ji!.„. a space time <>< m diversity (5TTD) f n i< , > trm 

? , i s < < ; < ?< ! ,i v ad 5 ^ f ' 
j x k Hides j Vs d STTT5 rans; sic-o n \? 
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, a > n x i <n k> 1 t i 

0. > 1 > < si.tH \V;Kb \ F;r>!;.! ^ ,v: tvxk 

redundantly mouooos mookkuoe syedoe-k over a ek:ndoy of pairs, of transmit antennao 

*C FhOVt ^ JO s * ^ ! * vs f \ ! >ta x . «« 

i «m v v s iVoi, s >s >s v. s - <. i >iis , o-;oosoo w mi^ 

n n eovd > ^ ^ < i». v v mem v m ^ x 

(Hi! | I M ! ! d j ? i \ \ 1' ! x s v v\ v > u on 

t Ml,f v 51 < >h ' < > 5 0 i ^ W i 1 1 f N i 

transmit amermas\ 

12 !h t ii 1 hi i ! i v x 1 sio Si! 

t ! y ! on muHspk i \ \ 

I I ( ! ) 

OFDM h\1 i > s transmit symbols for da one or more clam streams to 

j ! I > < ! f ! iSN N ! ! i i ' ! V< < ! N' 

sraesmeotoo. 

< d o < <mo «D <2 0»v s> ^ , '^oi' ^of k «<n ouNO v 

^ n? ! > ^ t >> v > 5 > > > < 

> \ ? 1 i R n M)i! y.< 

fo m >ve ht us ha i 

lr* m >. i < u ks » v u el 

is .is >^w based on a fixed Uivcrsns >f f. * v mode. 

r i 1 u ! < m i v\n„ v. > * < «t oae J :U v;o er is s v s o t 
and transmuted for a specific receiver device 



la V\ . t k , < x o 10 a, »east o< a 

s\ s po i U i ^UKJMfi K So ! x M n ImH > *V CO » 

receiver device. 

1 9. The da of claim L further comprising: 
0 si l s ( ; ! ic u\ cH> x 1 . ! <. 

data oeao x 

! ' t l 5 < , < <> » Xw v << 

<f 5 I <i < - >n \ s n < - f > i ^ » > i v 

21 . \ method for processing data for > u so - b< in c s < It pk. m . 

fi < ! S - i\ ! x v <« 

division rmdnp.ie>drig (OPDMk cornprudng; 

selecting a particular sliverxuy transmission mode from among a pteadty of 
> » . i a > h > f i he ea '< 

selected diversify n « s« » mode redundantly transmits data over ><, t frequency, 
space, or << combination thereof by nsmg I a «- v diversHy, '> <! 1 . - diversity, 

! . >*-!s > , \ i < > m 

s. >> „ <. > i 1 ft e i » i t ) 

- (i . « < i r hv d« s n M ?u ><<> >;<>> ! us i f 

< ! < i > t < ! u i > sc tod 

1 V > N i. " O 1 U I > i 

d iO .> x > a 

f > e; " i i s. v po* s f-h i v i f > <■ > o> N 

nodes men 4 new eroi a no u > < s Walsh d i? 
oansocssion mode, and a STTD tmnsm.is:dor; moan 



iv I he metho 1 of . van- 22. \< he?c<; i e pk raid) ot pos&tbn ' ansrnn s m 
modes io < i mcdales a WafsfoST'fD n i u mode. 
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> s $ i fo f < < i ! f \ m s i s n 

' j S ! * V< X t i < > S i I I 1 <J< t 

j ,mi»'! s > j> v i)f ^ , mi i ?n> \ r 

coding ad n, . n >i data provide one or siofg suhsiteams e * > > 
>mbo i •! m ! > i s H n b < - -H^i <, v,K s m 

,OI \t> i pi , > > 5 >l N V > '.Ms p (\v s 1 i 

■ . " IM ^ v s 5 O 

wberem the Mr symbok are processed m accordance vbm a parrs cm &r diversity 

I > > , < 5 i ! >J ^ ' 1 < v - - '1 

I'Mi-cio, vi„ c , i,B \ u; 

2T The Mtt J of in 24, wherein the seketed diversity processing 
scheme for as. least one OFDM suhband is a space ores , «i, diversity ( STTDj 
scheme. 

26, The method of v. n 24, s\ h »c e the selected f n % processing, 
si ! - vs. 5 > rsMte 

! n < > s . I s j s < u esc? pp. 

■ homo for ;u leasx one OFDM xehbsrsd sa a Welsh-space broe transmit diversity 
< W aKh oil P > scheme, 

\ -J i pr s > < .a vn > !uM >l\i«i:i ev 

> " i a v , * 

! 1 : " t, 1 ' <i< < iff i iK <. i 

more bata $ x i v re be recovers! from a received data transmission wherein the 

s. ^ v v.r e < J e i i ! om /■) 

i \x < < , i nl 5; « »i <n k 

s i t o i f n ii < s 1 <'v 

* c \ nr o< v > e i i . i. , <a e * < <. n t 

n- s- f i \ .v.; " »■ * ? i ^ ( <■ d\ i o !< a 

estimates of modulation -so - . t nfied o->ei a transmitter for she data stream 
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29 a j o ! > J m > I op;:..ij!i! s e t sr ssio s 

0 (J , j < UJ - » f" 1 v f. Us s i i v I f ^ i« u iO 

1 i a s > Ok < M ' ! i n i i <■ •>! < * > sn s > i 

I i r ( il K a n s > , ' sOsohk ^ ish 

modes further mdutea a W;a!$h--$1TD transmission mode. 

3 1 . The method of claim 29, wherem she plural! ty of possible transmission 

< ! i ! S ' t « i \ < ! 1 

Hit .^KShOOu^O m *>( U<i -I11f ^im 
O i « ( i ! ! t s s O m Kill') '« f!l 1 ( 

provided 

^ "meoep, cmon m < i, 

- !'^ ! 'i ^ ) H 

select a particular diversity transmission mode from among a pi orals ty of 
p I , m i < < > i 

c ex fed d > ' - ^ ' » ^ . ! ' > ! - > < > i 

p v ! it i ! ; t memo? 

xk , < - ,i v. cksia ri < i a U i a i < v. 

'■n.k.lln Mi, n s t J( , \ s N ,| 

s \ s > * - ! < . i s U 

s. ! f\ 5 Si'! > i < < 

more transmit antennas. 

\ ' < < s i s n , t i > n 

iiC Milii iif <. " > i | si ! t h >t, ni i ii n ! i 
mi^oiii, r ' > x s ( i < S > > s fv s io Oata 

stn ams, v hefv. -i esKh s v eJed iu^so>. f ae,s:mas ■: i m vie fcdimdanth mavnms 
ii «t frequt c> spa e rsi mtb'm&i nt u sf 
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f o < i r ■. < Kojj \ ssx - pjo^oe mode, UMni 

symbols; and 

! > H |1 It j v < ! ' ! > OU J lllS > - V v \ i ii 

! v Nfil >- ! ! v 1 !'* 1 1 > ^* < 

1 ! > i!U > U < * K 

If, s i i > ( <. v i s. v \ tO-iO i \ A-aKh 

Si % \ SO ? b t J i M ^ ' s x ! 

mode. 

36, The ' s > , u i,i of <. h > 35, mi !ui *i pkstalby of possmk 

i - < S ! < , S < 

[hr !un^->ji umwx >i >\ v\he! v , , :v oi •> ^ -h 
Uxosmisxioe modes further moiudss ss fequeney-STTD trar^missfcm mods, 

! - \ - i v < i nt i n 

s\iU ; ;o 1 > f « < > * N !V m* am 1 , M 1 il v 

i O I ! ! v v. ' ' I M! 

> \ n i \i x ; o ! s > ! j j! i.fvh 

operab v& to OFDM modulate 5 i vi symbols for the ooe or more data streams; 10 

40. An » c - pom?. * > m. < > i ix< ~mt of ; ® 34, 

41. \ . > , ! v b i < ii is u;< v. ! M 

4: \ <x^ ,s ' 
c<nmsx 5 ,n>C!> > * n cor |>r % n*; 
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! o* cki fv' p "\ si. 'sU 5 - ! vjot i de i o v 

I in fc s vn> it t- > f> K t a i s is 

v^vom^ v. ; i re h\ i v ! 5 m imdita ver 

«' >>< is. • <> < > > 1 <t- >, >i \ t ! ^ ^ s u 00 L 

i i » .a ! t > j 1 J ids modulation symbols 

means for processing the modulation symbols for each data stream based on the 
selected diversity irsosro-tsssou mode to provide transom symbols tor maosmissism over 
o?< :m wc'fii 1 femus 

( ! < < i ! O > ! ■> S s < 

mocie-s ! I a frequency diversity imminussiori mode, a Walsh diversity 
i f » < ] < m ; > \ 1 

4 4 A s uuusrmmis 

a.contfoOer operative to determine a o ms s< diversity transmission mode used 
lor each of one or more data streams to be recovered front a seeeived data transits sssom 
v h ) m if diversity s r son } mode osed for each data stream ss selected from 
among a pteralky of; possible transmission modes, and wherein each, diversity 

< >< v fo 1 S H,jM10 ,<u i, 

, o>m . o , 

a receive processor operative m process received symbols for each data stream 
Ism > i > K i > ( fo 

s , -K" s m is m ? 'oh e 

data stream, 

v v v < S't < !i! < 

i^s^i^'jii i\t | m > t s »o * x - o-i m-Cicd 

^ ,mi vidtJ us - s v a 1 1 

46. The receiver mix of claim 44, wherein the plurality of possible 
aussieo modes melud trans m mode, a V\ 
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mods.. 

i ! s > | f i r - i> 

> > t <$ > v < e ,u ^w< »r < »op* ^ 

ms b mi , > > - i eel for each o 

t'ftis -> ? i s <.* < 

'! *! ! ! >> i <. i h " n * 0 ^ 5 < 

phi raid y of possible oonseoKbori modes, :md vvhemm eaeh diversify traesomeoon mode 

r'.jiis for pjxxessing received symbols for each data %mm\ based on The 
diversify uonssmsshm s\ vie used for dv data suenro to provide recovered symbols that 
< , h d > n f s ( ) > Ni 
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